This document presents an overview on one of the moat difficult topics of Operations Research-combat modeling and simulation.
INTRODUCTION
This paper provides an overview of AirLand combat modeling and simulation, with an orientation on what a new study team leader needs to know about operations research modeling, and how to do studies using combat models. The information presented herein has been distilled from some of the best minds in the analytical community, way too many to cite individually, but suffice to say the real experts who truly deserve mentorship credit, This paper is recommended for all readers who haven't been in the combat modeling world very long. For those with considerable experience, I recommend you sit back and enjoy the material, for you will probably read, smile and nod your head, and maybe say yep, I've been there before. This paper begins with a brief background/introduction to modeling and simulation, and discusses what the actual study process looks like. After this, models and scenarios are examined, followed by data, everyone's favorite subject. The paper identifies how real analysis works, and closes with some lessons learned from the guys in the field that survived the great study wars.
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is the model user or study team leader who must efficiently and effectively use this tool to assist decision makers. Next on the list are the model advocates and adversaries. Both the advocates and adversaries recognize the strengths and shortfalls of the models, and may act ually switch sides depending on who is being tasked to do the study. The true winners in the modeling community are the contractors for they retain institutional knowledge, propriety code, the ability to get smart quickly, and can generate numerous unsolicited project proposals. Last, but far from least are the data boys. These people are the dependent variable in studies. If these people are not on your side, you don't have a study, but more about data later. Knowing full well others are producing new data which will be available in time to confound your results, you must identify the data you are using as best available data or "BAD" data since this is always the type data which goes into combat models.
THE PLAYERS
As in any professional encounter, one must know who the players are. First off, there are the agencies which consist of boards, committees, societies, and educational institutions which set policy, identify procedures, and frequently provide funding for model usage. Then there are the model proponents, these are agencies who own or maybe just oversee the models.
Next comes the "enhancers" and fixers. These are the essential people who make models study-ready, but have a tendency to look at the model as an art form which requires total revision before being revealed to the public.
The 
Models
Fortunately, all models look the same. On the left side of model diagrams are the kinds of information which must be fed into the models to get them to work properly.
This information generally consists of weapon/unit data, operational or doctrinal data, environmental data, and finally the model scenario itself.
To make life easier a preprocessor program (which is always an optional purchase) can assist in constructing, editing, screening, and formatting the required information into the proper "simulation ready" files. After putting all the input information together, one merely turns on the simulation pump and grinds out the first raw forms of output. These output files could contain key decisions made by the combatants during the simulation, status reports over time, and attrition and logistic statistics. Now, prepare to spend the rest of your life working on the volumes of data trying to figure out what all this output means. Fort unately again, you can acquire a post processor program which can help you extract only the pertinent data you require within selected boundaries (time of battle, unit specific or weapon specific categories, or by supply class etc.) and codify it in various ready-for-presentation formats.
On the other hand, if you do not have a postprocessor, or the one you do have does not generate or format the data you are specifically interested in, you can build, or "outof-house" buy one. Be sure to lengthen the analysis activity on your Gantt chart for this circumstance.
Sources for Models
Most agencies only modify the models they use for studies, that is, very few agencies act ually have the time and resources to build new models. Therefore, avoid if you can developing a new model, for it is nearly always better to borrow someone else's model (and their data if possible) for you will be able to perform your study faster and will always have someone to sympathize with when things go uncontrollably wrong. Now, the question is where do you find out about existing models, and how do you get hold of one with which to do your study? Well, the first and most famous place to look for models is in the J- At the campaign planning level, scenario designers are expected to portray the collective thinking of hundreds of combat commanders. This is why large scenarios are typically designed by groups of senior officers of various branches and services, and reviewed at the general oflicer-level.
You can imagine the amount of tactical and technical information that a scenario draws upon. Now, if you are sitting in your oflice and you have the ability to portray all the thought processes of these many stafb and commanders at one time, you can write your own scenarios. Personally, my experience at orchestrating corps, divisions and numbered air forces has been rather limited, and besides I'm tired at being seconded guessed by all those guys on CNN. Never-thc+ss, in order to get the model to run you will need a scenario. My first experience with sce nario problems came when I was assigned to a team which had been already running their study matrix with a scenario that came free with the model code.
Fortunately, when I discovered that the doctrine used in the model was pre-AirLand
Battle we "only" lost four months of our study time in analyzing scores of useless runs.
Scenario Requirements
If you are the study leader, you must be sure that the scenario fits your study objectives. If you are trying to determine if something (like a new weapon system) makes a difference, then you will have to have a scenario that affords an opportunity for that difference to be demonstrated.
You would expect a model which contains a brief (say 5 minute) battle time scenario to provide very little logistics information, or an air defensive weapon to show any improvement in rear area survivability when the scenario is limited to only battalion-level operations.
Regardless of your agency size, you must select a scenario which is "doable" within your resources. This means that the scenario must be either of the correct size, or can be shrunk to fit the study. You must be able to acquire, convert, or reformat the scenario in time for it to not adversely impact on your study timetable, and that the accompanying systems data be consistent with the planned application years of the scenario. Remember, most scenarios are constructed for application in the out years. This means that someone has to predict what the weapons systems and doctrine will look like in ten or fifteen years from now. This requirement alone will make it difficult for you to get scenario compatible data. There are a few people to whom you can go to obtain this kind of information, but to some degree they too are only guessing. To get a feel for the problem, picture in your mind the engineering characteristics and how you will fight the main battle system in the year 2015. You can see, that you are only going to get so close with your estimate. The best thing to do is to ask some agency to support your search and document the information they provide. This in the end, will save your butt.
5.6
Combat have whole general officer study groups that make up our scenarios. I mean these scenarios are drawn up, pounded out, and approved at every level before they ever get out on the street for agency use." I think this is a good idea to spread around so that eventually everybody might begin to do the same thing. I realize ideas like this must be shared with our relatively junior sister services. 6 DATA Well, we've talked about scenarios, now we have to beat that other demon to death, the model data. You may not know it but data is owned by ogres. These people are pocketed all over the country and they hoard the stuff you need to do your study.
I Be aware, you may have to reach quite far to find your data, and it may take a iong time before you have in hand.
Data Sources
Now, where can you go to get good data?
Here is a list of several different agencies which are repositories for both US and threat data.
For US data, you should try the major operations and personnel staff agencies, combined operation and military integrating centers, the service's analytical agencies, the service schools, the material commands, world-wide operation research cells, and the wargaming centers.
The Warrior Preparation
Center is a good source for unit basic load data which is the need-tc-know stuff because it affects nearly every sustaining issue in battle. When units go to the Warrior Preparation Center, they are required to input basic load information into the wargames. If you can get access to these machines, you may be able to get a copy of all these basic loads thereby solving one horrendous data gathering problem. Now, what about red or threat data? Here, you must go to all the IA's (intelligence agencies), the foreign technology centers, and even material and operational testing agencies. The mission of these agencies is to find out what the other guy should look like now and in the future.
Those who have beaten the data path have found threat data to be easier to obtain than blue (US) data. I can only guess why this is true, but unfortunately using threat data requires get ting some consensus among these agencies. Despite the fact they are all in the same business, the same question asked of these agencies will rarely get you the same answers. It really makes me wonder. I believe that if I could get all the experts from these If your transfer of information does not meet this criteria, your analysis is going down the tube. As Mr.
Hollis once said, "No significant decision was ever influenced from analysis which was never understood." This is one of those important ideaa which you need to focus on during your study.
Measures of Effectiveness
Now, what kinds of things do people traditionally look at on the output side of models, the measures of effectiveness, or MOE's if you will. Here is a list of the common ones, FLOT movement, unit status, and various ratios. I know you're thinking about that black hole up on the chart, the killer-victim scoreboard.
Everyone thinks they can understand the scoreboard, but in reality there are over 15 sand traps in evaluating this type of table that you should be aware of. If you call me at (513) 476-3516, I'll send you a copy of these traps. Meanwhile, don't ever show a scoreboard in a briefing if you can avoid it, otherwise, prepare for widespread interpretations.
MODELING BARRIERS
If you're going to get into modeling, you need to know about some of the barriers you will run into. First off, the models are complex and this alone causes them to be viewed in an atmosphere of rejection. You have heard me talk about data already. But occasionally people call you about data. The phone rings, someone says, "Hey, you know that data I sent YOU on the tape last week, Well I know you wanted PK data, but I gave you the wrong tape, what you have now is the can count at the commissary data." You start thinking, "Boy am I in trouble, I've been getting some pretty good results off of that data."
Another problem you may run into is the perception problem. All models are just models, that is, they only capture so much of an actual system's characteristics or operat ions. All models have some problems, but if a model has a reputation as "suspect" and is measurably improved by all standards, it will still have this bad reputation.
The model will not be readily accepted for use in studies without considerable advertising and demonstration of the improved capabilities. This next bullet speaks to the issue of relevance. If Garrarnbone the model output is perceived as not having an impact, the model is dead in the water.
And lastly, agencies would prefer not to use someone else's model.' There is always a hesitancy to take on the tssk of understanding other modeler's code, data requirements, and clever work-a-rounds. "Not invented here" has on occasion blocked the use of good existing code, and has produced many new in-house modeling projects.
The TRADOC Inquisition List
If you are doing modeling and simulation for TRADOC you are going to get hit with this inquisition list. Be ready to describe how your model plays C31 and the doctrinal differences between opposing combatants. You will be asked about the attrition phenomena and suppression effects as well as how human factors are incorporated into the model. An important factor in studies is the battle time to clock time ratio.
The bigger combat models require large run times and you may get to the point where the model is impractical to be used in a study because it just takes too long to run, or too long to run the needed number of iterations.
Where did you get the input data is a question you must be ready to respond to. You can answer "from all the usual suspects", but it is better to have a hit list of agent y sources. The last item of interest is documentation.
I have found the status of model documentation to run from fictitious to erroneous. This item of business is traditionally financed last, if at all, and impacts most, only on the "next" users study.
LESSONS LEARNED
What I will discuss now is a series of lessons learned.
Right off the bat, you will find it takes a long time to learn about and set up the computer model, verify the data, and draft up the scenarios. The simulation itself is relatively quick to run, but where you start paying "bigtime" is on the analysis end. These ideaa need to be briefed to your study sponsor as well as the circumstance that no two subject area experts will agree 100 percent on anything.
The document= tion you will use, will usually be at best incomplete, inaccurate, and confusing, therefore, you must network with user groups to survive.
Before you run your "study model", you must construct a well understood "base case" which is prepared in an iterative process of quality assessments and revision until the time runs out. Be mindful that somebody somewhere will not like your model and the only thing you can do is go see that person (what we refer to in the Army as foot coordination) and find out their form of un- If you had to put together a brand new team for a very big study, I would say that in order to get your team study ready, tactically prepared, analytically smart, and model knowledgeable, and get the study done, could take you up to 3 or 4 years. That is why mat agencies have a steadfast cadre of seasoned analysts, programmers, stat ist icians and the like and can make the 6 month to 2 year turn around time required of most studies. To create a fully proficient combat modeling and simulation analyst takes from one year to forever for most of the large combat simulat ion models. Sometimes a model run doesn 't seem to be working quite right. Don't jump to conclusions right away about the quality of the model. It may not be easy, but it is better to track down the cause of your concern and learn quite a bit more about the model. In one instance, I had a unit conducting a battle, where for one run, in a period of minutes it lost 60 tanks that it had never lost in runs before. I looked, and looked, and looked, but couldn't figure out what happened, or why these tanks were lost. It was sometime later when I found out that this run was the only time somebody shot out the ammunition unit that was supplying those guys. Essentially what happened is that they stayed alive because const ant resupply kept them lethal, whereas in this single case the groceries just didn't arrive-an insight as to the importance of logistics. In another case, my helicopter attack did not execute although the unit was on standby and combat ready. In this run, the headquarters that should of issued the command for the helicopters to move was under attack, and was unable to pass the attack order. The lesson here is to look at the odd results, for even these weird outcomes do have their special meanings.
Remember, you are searching for trends not numbers, and ideaa not necessarily answers.
Practical Thoughts
From a practical standpoint it is not worthwhile to always second guess the output of a model run, it is faster to just go ahead and run it. If you want to check things out, do sensitivity analysis by running small scenario vignettes. As the study leader, you will be dependent on you computer support.
If the "beast" goes down you are in big trouble.
I was stt ioned in Albuquerque, New Mexico and I was looking for a corps-level combat model.
In Above all, they possess overwhelming quantities of persistence and determination.
As you might imagine, it is quite difficult for any one person to be all of these things.
In fact, it might be impossible to find these attributes in any forum of single subject area experts. The thought here is the same thought that historically created the original operations research groups, that is, to group together people of strong but diverse talents to attack complex and difficult problems.
As the study team leader, you also must develop this team building and team performance approach, for this too is your key to success.
THE CLOSE
This modeling and simulation stuff is a tough gig. I remember how I found out I was a combat modeler. 
